The acid and catalytic properties of the modified MFI zeolite catalysts during the conversion of the propane-butane fraction of the associated petroleum gases into the aromatic hydrocarbons were studied. It was established that the high-silica zeolites synthesized with the new structure-forming additive of the alcohol fraction (ZKE-AF) belong to the high-silica MFI zeolites. The resulting zeolites were modified by 1-5 wt. % additives consisting of zinc oxide and sulfide. The influence of the modifying additive concentration containing zinc oxides and sulfides in an amount of 1-5% on the acid and catalytic properties of the catalysts in the conversion process of lower C 3 -C 4 alkanes into liquid hydrocarbons was studied. The research of the acid properties of the modified zeolite catalysts by thermal desorption of ammonia showed that the total concentrations of the acidic centers of H-ZKE-AF modified by 3% and 5% ZnO increased. It was found that the highest yield of liquid hydrocarbons was on the zeolite catalysts modified by 3% and 5% ZnS, and is 60.6% and 60.5%, respectively, which is 9% more than in the initial H-ZKE-AF. The activity of the zeolite catalysts modified by zinc oxide and zinc sulfide was in correlation with their acid properties.
Introduction
Lower C 3 -C 4 alkanes are the main components of the propane-butane fraction of natural and associated petroleum gases and cheap hydrocarbon feedstocks for the preparation of lower C 2 -C 4 olefins [1] [2] [3] , aromatic hydrocarbons [4] [5] [6] [7] [8] , and other valuable petrochemical products [9] [10] [11] [12] . The microporous zeolite catalysts of the MFI type could be the most promising materials for the conversion of lower C 3 -C 4 alkanes to lower olefins and aromatic hydrocarbons, as they exhibit high activity and selectivity in dehydrogenation, isomerization, dehydrocyclization, and cracking reactions of various organic compounds [13] [14] [15] [16] [17] [18] [19] [20] .
The works [8] [9] [10] [11] [12] [13] [14] demonstrate that the high-silica zeolites of the types MFI and ZSM-5 modified by gallium, zinc, molybdenum, and rhenium are most active and selective in the process of conversion of lower C 1 -C 6 alkanes to arenes. The highest yield of the liquid propane conversion hydrocarbons was achieved at 550 • C and 56 wt. % on the catalyst of 3% Zn/ZSM-5 [15] [16] [17] . It has also been discovered that the methods for the production of the high-silica zeolites of the type ZSM-5 and introduction of the zeolite additives and their nature influence the yield and selectivity of the aromatic hydrocarbon formation from the lower alkanes [18] [19] [20] [21] .
In the work [21] , the influence of the methods for producing Zn/HZSM-5 on the formation of acidic centers and the catalytic properties of the modified catalysts was studied. In Zn-ZSM-5 obtained by physical mixing of ZnO with the zeolite, zinc is present mainly in the form of ZnO macroparticles and trace amounts of ZnOH + , which are formed during solid-phase reactions.
In the catalysts Zn-ZSM-5 obtained by ion exchange method and direct hydrothermal synthesis, zinc is present only in the form of ZnOH + . The catalysts Zn-ZSM-5 synthesized by impregnation, contain most of ZnOH + and ZnO nanoparticles dispersed in the pores and channels of the zeolite. Thus, zinc in the zeolites depends on the methods of its introduction into the catalyst in various surface oxygen-containing thermostable structures. It was also shown that in the acidic centers of ZnOH + the reactions of dehydrogenation of light hydrocarbons to aromatic compounds and the suppression of hydrogen transport reactions and the formation of alkanes predominantly occur.
There are physical, chemical, acid, and catalytic properties of the microporous high-silica MFI zeolite synthesized using a new multicomponent structure-forming additive (alcohol fraction was a byproduct of caprolactam production) researched in the present work. The catalyst samples were modified by 1-5 wt. % ZnO and ZnS and their properties were studied in the conversion process of the propane-butane fraction of associated petroleum gases into aromatic hydrocarbons.
Results and Discussion

Synthesis and Characterization of Catalysts
The microporous high-silica zeolites were obtained by hydrothermal synthesis with an silicate module 45 45 from alkaline alumina-silica gel using a multicomponent organic structure-forming additive of the alcohol fraction (a byproduct of caprolactam production) in the autoclaves made of stainless steel at 170-175 • C for 4-5 days (ZKE-AF), described in [22] . To synthesize the zeolite, the organic structure-forming additive of alcohol fraction is taken in excess of no more than 2-3%. After receiving the zeolite, it is removed during calcination at 600 • C for 4-6 h.
The physical and chemical properties of the obtained zeolites were studied by X-ray diffraction analysis and IR spectroscopy. The X-ray patterns of the obtained zeolites show the lines with the interplanar distances (d, Å): 11.05; 10.00; 4.29; 4.07; 3.87; 3.83; 3.73; 3.66; 3.45; 3.06; 2.99; 2.02, which are characteristic of the ZSM-5 type zeolite ( Figure 1 ) [23] . Due to a small amount of ZnO and ZnS (1-5%) in the zeolite, the X-ray patterns of the zeolites modified by 1-5 wt. % ZnO and ZnS correlate with the pattern of the pure H-ZKE-AF zeolite. obtained by physical mixing of ZnO with the zeolite, zinc is present mainly in the form of ZnO macroparticles and trace amounts of ZnOH + , which are formed during solid-phase reactions.
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Catalytic Activity
The studies of the conversion process of propane-butane fraction (PBF) on the initial H-ZKE-AF zeolite showed that with the increase in the process temperature from 525 to 600 °C and the volume flow rate of PBF equal to 240 h −1 , the yield of liquid products increased from 46.1 to 51.4% due to a rise in the conversion of PBF from 82.3 to 88.8% (Table 1) .
The yield of the gaseous products with an increase in the reaction temperature of the PBF conversion decreases from 53.8 to 48.6%, the main gaseous hydrocarbon products were methane and ethane, the total content of which is 58-63%. Besides, with a growth of the reaction temperature of the gaseous products PBF conversion, the yield of lower olefins-ethylene and propylene rose, and the total content of C2-C3 olefins increased from 6.6 to 12.6% due to the intensification of dehydrogenation and cracking reactions of alkanes.
The main liquid hydrocarbon products were aromatic hydrocarbons: benzene, toluene, and xylenes; the content of benzene increases with a rise in the conversion temperature of PBF from 13.5 to 16.4% [24] [25] [26] . The main aromatic hydrocarbon product was toluene, the content of which increased with a rise of the PBF conversion temperature from 36.9 to 39.8% (Table 1) . It is important to note that the total content of the xylenes and naphthalene derivatives decreased with the rise of the PBF conversion temperature due to the dealkylation reactions of xylenes and methylnaphthalenes.
The addition of 1-5% zinc oxide (1-5% ZnO/99-95% H-ZKE-AF) to the initial H-ZKE-AF zeolite led to the yield decrease in gaseous hydrocarbons and the yield increase in liquid hydrocarbons 
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The addition of 1-5% zinc oxide (1-5% ZnO/99-95% H-ZKE-AF) to the initial H-ZKE-AF zeolite led to the yield decrease in gaseous hydrocarbons and the yield increase in liquid hydrocarbons (arenes) with a rise in the reaction temperature of the PBF conversion from 550 to 600 • C. The yield of the gaseous products with an increase in temperature of the PBF conversion reaction from 550 to 600 • C falls for all samples of H-ZKE-AF modified by 1-5% ZnO. The maximum reduction in the yield of the gaseous products with an increase in the reaction temperature from 550 to 600 • C during the conversion of PBF from 48.1 to 43.2% was observed for the 1% ZnO/99% H-ZKE-AF catalyst. The main gaseous hydrocarbon products were methane and ethane, the total content of which was 51.5-59.5%. In addition, with a rise of the reaction temperature of the gaseous products PBF conversion, the yield of lower olefins-ethylene and propylene increased, the total content of C 2 -C 3 olefins rose from 6.6 to 12.6% due to the intensification of dehydrogenation and cracking reactions of alkanes. The modification of the initial H-ZKE-AF zeolite with 1-5% zinc oxide (1-5% ZnO/99-95% H-ZKE-AF) led to an increase in the liquid hydrocarbon amount (arenes with a rise in reaction temperature of the PBF conversion from 550 to 600 • C) in comparison with the initial H-ZKE-AF (Table 1 ). The highest yield of the liquid BPF conversion products was achieved at 600 • C on the catalysts of 1% ZnO/99% H-ZKE-AF) and 3% ZnO/97% H-ZKE-AF and was 56.8% and 54.7% respectively at 600 • C and at a feed space velocity of 240 h −1 . A further increase in the content of zinc oxide to 5% in the H-ZKE-AF zeolite reduced the yield of liquid hydrocarbons with an increase in the reaction temperature from 550 to 600 • C from 49.2 to 48.8% (Table 1) . It should be noted that the addition of zinc oxide from 1 to 5 wt. % in the H-ZKE-AF zeolite led to an increase in the content of benzene in the liquid products to 21.6% at 600 • C for the catalyst of 3% ZnO/97% H-ZKE-AF compared to 16.4% of the aromatic hydrocarbons formed on the initial H-ZKE-AF at 600 • C. The introduction of 1-5% zinc sulphide (1-5% ZnS/99-95% H-ZKE-AF) to the initial H-ZKE-AF zeolite led to an increase in the yield of liquid hydrocarbons (arenes) in comparison with the initial H-ZKE-AF with a rise in the reaction temperature of the PBF conversion from 550 to 600 • C ( Table 2) .
The maximum yield of the liquid PBF conversion products was 59.8-60.5% at 600 • C on the catalysts of 1-5% ZnS/99-95% H-ZKE-AF, which is significantly higher than the pure H-ZKE-AF (51.4%) at 600 • C and a feed space velocity of 240 h −1 . Besides, the modification of the H-ZKE-AF zeolite of 1-5% ZnS resulted in a significant increase in the benzene content of the liquid PBF conversion products up to 23.9% by 1% ZnS/99% H-ZKE-AF up to 23.5% by 5% ZnS/95% H-ZKE-AF at 600 • C, compared with 16.4% of benzene formed in the original H-ZKE-AF at 600 • C. The main liquid Catalysts 2019, 9, 421 5 of 11 conversion products of PBF on the zeolite catalysts modified by 1-5% ZnS were toluene and xylenes, the content of which was 38.0-41.4% and 14.2-22.2%, respectively ( Table 2 ). The total content of toluene, xylenes, and naphthalene derivatives with an increase in the conversion temperature of PBF was likely to decrease due to the intensive dealkylation reactions. 
Acid Propertis of Catalysts
The research of the acid properties of the zeolite catalysts modified by ZnO and ZnS showed that the initial H-ZKE-AF has two forms of the ammonia desorption: the low-temperature and high-temperature peaks. The low-temperature peak emerged on the thermal desorption spectrum in the region of 100-300 • C with a peak temperature of 180 • C and associated with the desorption of ammonia from the weakly Lewis acidic sites of the zeolite, which are coordinately unsaturated aluminum ions in H-ZKE-AF. The high-temperature peak in the 300-600 • C region with a peak temperature of 435 • C associated with the desorption of ammonia with the strongly Bronsted acidic centers of the zeolite, hydrogen ions of which are bridged hydroxyl groups [4, 18, [26] [27] [28] [29] [30] . The concentration of weakly acidic centers for H-ZKE-AF determined by the amount of the desorbed ammonia was 607 µmol/g, and for strongly acidic sites was 213 µmol/g (Figure 3 , Table 3 ). The modification of H-ZKE-AF by 1-5% ZnO resulted in a change in their acid characteristics. The low-temperature ammonia desorption peaks from the H-ZKE-AF zeolites modified by 1-5% ZnO shifted to the higher temperatures and were 195 and 190 °C for 1% ZnO/99% H-ZKE-AF and 5% ZnO/95% H-ZKE-AF, respectively. For 1% ZnO/99% H-ZKE-AF, the low-temperature peak of the ammonia desorption shifted slightly to the high temperatures up to 185 °C in comparison with the initial H-ZKE-AF zeolite (Figure 3 ). In contrast, the high-temperature ammonia desorption peaks from H-ZKE-AF zeolites modified by 1-5% ZnO were shifted to the lower temperatures from 435 °C for H-ZKE-AF to 420-425 °C for the H-ZKE-AF samples modified by 1-5% ZnO.
The concentration of weakly acidic centers for 1% ZnO/99% H-ZKE-AF decreased to 561 μmol/g compared to 607 μmol/g for H-ZKE-AF. With a further increase in the additive content from 1 to 5% ZnO in H-ZCE-AF, on the contrary, there was an increase in the concentration of the weakly acidic centers from 561 to 638 μmol/g ( Table 3 ). The concentration of the strongly acidic centers for H-ZKE-AF was 213 μmol/g, and with an increase in the additive content from 1 to 5% ZnO in H-ZKE-AF the concentration of strongly acidic centers decreased from 213 to 129 μmol/g ( Table 3 ).
The acid characteristics for H-ZKE-AF modified by 1-5% ZnS differ from the acid characteristics of H-ZKE-AF modified by 1-5% ZnO. The low-temperature ammonia desorption peaks from the H-ZKE-AF zeolites modified by 1-5% ZnS also shifted to the higher temperatures and were 190 and 185 °C for 1% ZnS/99% H-ZKE-AF and 5% ZnS/95 % H-ZKE-AF, respectively, compared with the initial H-ZKE-AF zeolite ( Figure 3 , Table 3 ). The high-temperature ammonia desorption peaks from the H-ZKE-AF zeolites modified by 1% and 5% ZnS were shifted to the lower temperatures from 435 °C for H-ZKE-AF to 415 and 420 °C for the H-ZKE-AF samples modified by 1% and 5% ZnO, respectively. For 3% ZnS/97% H-ZKE-AF the low-temperature and high-temperature ammonia desorption peaks from the H-ZKE-AF zeolites modified by 3% ZnS, as well as for the initial H-ZKE-AF are 180 and 435 °C, respectively. For the modified zeolites with an increase in the content from 1 to 5% ZnS in H-ZKE-AF, the concentrations of the weakly acidic and strongly acidic centers decreased from 607 to 571 and 213 to 110 μmol/g, respectively ( Figure 4,Table 3 ). * T I , T II -peak temperatures for forms I and II; C I , C II , and C Σ -concentration of acidic centers in forms (I), (II), and total, respectively.
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The concentration of weakly acidic centers for 1% ZnO/99% H-ZKE-AF decreased to 561 µmol/g compared to 607 µmol/g for H-ZKE-AF. With a further increase in the additive content from 1 to 5% ZnO in H-ZCE-AF, on the contrary, there was an increase in the concentration of the weakly acidic centers from 561 to 638 µmol/g ( Table 3 ). The concentration of the strongly acidic centers for H-ZKE-AF was 213 µmol/g, and with an increase in the additive content from 1 to 5% ZnO in H-ZKE-AF the concentration of strongly acidic centers decreased from 213 to 129 µmol/g ( Table 3 ).
The acid characteristics for H-ZKE-AF modified by 1-5% ZnS differ from the acid characteristics of H-ZKE-AF modified by 1-5% ZnO. The low-temperature ammonia desorption peaks from the H-ZKE-AF zeolites modified by 1-5% ZnS also shifted to the higher temperatures and were 190 and 185 • C for 1% ZnS/99% H-ZKE-AF and 5% ZnS/95 % H-ZKE-AF, respectively, compared with the initial Catalysts 2019, 9, 421 7 of 11 H-ZKE-AF zeolite ( Figure 3 , Table 3 ). The high-temperature ammonia desorption peaks from the H-ZKE-AF zeolites modified by 1% and 5% ZnS were shifted to the lower temperatures from 435 • C for H-ZKE-AF to 415 and 420 • C for the H-ZKE-AF samples modified by 1% and 5% ZnO, respectively. For 3% ZnS/97% H-ZKE-AF the low-temperature and high-temperature ammonia desorption peaks from the H-ZKE-AF zeolites modified by 3% ZnS, as well as for the initial H-ZKE-AF are 180 and 435 • C, respectively. For the modified zeolites with an increase in the content from 1 to 5% ZnS in H-ZKE-AF, the concentrations of the weakly acidic and strongly acidic centers decreased from 607 to 571 and 213 to 110 µmol/g, respectively (Figure 4, Table 3 ). It should be noted that the total concentrations of the acidic centers of H-ZKE-AF modified by ZnO increased from 1 to 5% ZnO, from 732 to 767 μmol/g, mainly due to an increase in the concentration of the weakly acidic centers. For H-ZKE-AF modified by ZnS, with an increase in ZnS concentration from 1 to 5% ZnS, on the contrary, the total concentrations of the acid sites in the samples of the zeolite catalysts decreased from 795 to 681 μmol/g.
It is important to note that the activity of the zeolite catalysts modified by zinc oxide and zinc sulfide was in correlation with their acid properties. This behavior of the modified zeolite catalysts may be explained by the different structure of the electron shells of zinc oxide and sulfide, as well as by the formation of the different surface types of zinc oxide and sulfide with the acidic centers and their zeolite pore and surface position. The presence of the free 3d orbitals in zinc sulfides makes the electrons more mobile and reactive when these electrons interact with the acid sites of the zeolites, especially at the high temperatures of dehydrogenation, cracking, and dehydrocyclization of the lower C3-C4 alkanes as compared to the zeolite catalysts modified by zinc oxide [1, [27] [28] [29] [30] [31] . Therefore, the zeolite catalysts modified by zinc sulfide are more active and selective in the reactions of dehydrogenation, cracking, oligomerization, and aromatization of lower C3-C4 alkanes of PBF, which results in a higher yield of methane and aromatic hydrocarbons than on the zeolites modified by zinc oxide.
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Material and Methods
Catalysts Preparation
The microporous high-silica zeolites were obtained by hydrothermal synthesis with an oxide module 45 from alkaline alumina-silica gel using a multicomponent organic structure-forming additive of the alcohol fraction (a byproduct of caprolactam production) in the autoclaves made of stainless steel at 170-175 • C for 4-6 days (ZKE-AF) described in [22] . The synthesis of caprolactam, all products and their composition meet the technological regulations (Joint-stock company "Nitrogen", Kemerovo, Russia). The alcoholic fraction, a by-product of caprolactam production with the final boiling point of 80-150 • C, has the following structure (wt. %): amyl alcohol-40-53; isoamyl alcohol-0.5-1.7; cyclohexanone-2-22; cyclopentanone-1-3; butyl alcohol-0.3-0.6; isobutyl alcohol-0.5-2.5; 2-heptanone-0.2-2.5; 2-propanol-0.3-0.6; cyclohexanol-0.1-2.3; ethylcyclohexyl ether-1.4-9.7; higher-boiling compounds-0.2-1.3; water-the remainder. Due to the fact that the organic agent is plentiful, the process of the zeolite crystallization is slightly dependent on the possible change in cyclohexanone concentration. The zeolites of the MFI type have an orthorhombic structure (Pnma, a = 20.1; b = 19.9; c = 13.4 Å. The crystal lattice consists of the 5-membered rings and 10-membered channels with the internal diameter from 5 to 5.6 Å [32] .
Modification of the H-ZKE-AF zeolite with zinc oxide in an amount of 1-5 wt. % was carried out by the method of imbibition considering the moisture capacity of the zeolite. The zeolite pellets (2 × 3 mm, the same for each sample) were imbibed with an aqueous solution of Zn(NO 3 ) 2 considering the moisture capacity of the zeolite, then dried for 4 h at 110 • C and calcined for 6 h at 600 • C.
The addition of zinc sulphide in the amount of 1-5 wt. % was performed by dry mixing of the calculated amounts of the H-ZKE-AF powders with ZnS powder synthesized by self-propagating high-temperature synthesis using the method described in the KM-1 vibratory ball mill at a temperature of 20-25 • C for 6 h, the modified zeolite catalysts were dried at 110 • C for 4 h and calcined at 600 • C for 6 h [24] .
Characterization Techniques
The physical and chemical properties of the obtained zeolites were studied by X-ray diffraction analysis (X-ray DRON-3, Mo-anode, Ni-filter) and IR spectroscopy (Nicolet 5700 Fourier spectrometer).
Acid Properties of Catalysts
The acid properties of the zeolite catalysts modified by 1-5% ZnO and ZnS were studied at the thermal desorption device by adsorption of ammonia in a stream of helium carrier gas in the range of 50-650 • C with a linear heating rate of 10 • C/min according to the procedure described in [25] . The concentration of acid sites (µmol/g catalyst) in the zeolite catalysts modified by 1-5% ZnO and ZnS was determined by the amount of ammonia in the desorption peaks, the accuracy of determining the amount of the adsorbed ammonia by the gas chromatography method was ±2.5%.
Catalytic Activity Test
The conversion of a mixture of lower C 3 -C 4 alkanes (propane-butane fraction) of the composition (wt. %) methane-0.3%; ethane-3.0%; propane-80.9%; butanes-15.8%, was carried out on the zeolite catalysts modified from 1 to 5 wt. % ZnO and ZnS in a continuous flow reactor with a stationary catalyst bed (6 cm 3 ) in a temperature range of 525-600 • C, a feed rate of 240 h −1 , atmospheric pressure and a test duration of 2 h at each specific reaction temperature ( Figure 5 ). The composition analysis of the propane-butane fraction (PBF) and the reaction products of the PBF conversion was carried out by gas chromatography using the Chromatek-Crystal 5000M gas chromatograph.
The analysis of the gaseous hydrocarbons was carried out on the quartz glass packed column (3 m long, 3 mm internal diameter) filled with 5% NaOH on Al 2 O 3 (0.25-0.50 mm fraction) using the thermal conductivity detector, the carrier gas is helium.
The analysis of the liquid conversion products of PBF was carried out on the quartz glass capillary column (100 m × 0.25 mm × 0.5 µm) with the fixed ZB-1 phase deposited on the flame ionization detector. The quantitative analysis of gaseous and liquid hydrocarbons was carried out on a hardware-software complex based on the Chromatek-Crystal 5000 M gas chromatograph using the results-based analysis program Chromatek-Analytic [25] . The error in determining the gaseous and liquid hydrocarbons by the gas chromatographic method is ±2.5%. 
Conclusions
In the present work, the physical, chemical, acid, and catalytic properties of the modified MFI zeolite catalysts were studied during the conversion of the propane-butane fraction of the associated petroleum gases to the aromatic hydrocarbons. The X-ray diffraction and IR spectroscopy analyses showed that the synthesized high-silica zeolites using the new multicomponent structure-forming additive belong to the high-silica zeolites of the MFI type.
The study of the acid properties of the modified zeolite catalysts by the thermal desorption of ammonia showed that the total concentrations of the acidic centers of H-ZKE-AF modified by ZnO densifying from 1 to a 5% ZnO rise from 732 to 767 μmol/g mainly due to an increase in the concentration of the slightly acidic centers.
For H-ZKE-AF modified by ZnS, with an increase in ZnS concentration from 1 to 5% ZnS, on the contrary, the total concentrations of acid sites in the samples of the zeolite catalysts decreased from 795 to 681 μmol/g. It was found that the highest yield of the liquid hydrocarbons was observed on the zeolite catalyst modified by 3% and 5% ZnS, and was 60.6% and 60.5% respectively, which is 9% more than in the initial H-ZKE-AF. With an increase in the content of ZnO in the zeolite catalyst during the process of the propane-butane fraction conversion, the reactions of cracking and polycondensation occur mainly, it leads to an increase in the yields of alkenes and alkylnaphthalenes. On the contrary, the acidity of the zeolites modified by ZnS is lower than the one of zeolites modified by ZnO, the contribution of cracking and polycondensation reactions is much smaller, it leads to an increase in the yield of liquid products.
The activity of the zeolite catalysts modified by zinc oxide and zinc sulfide was in correlation with their acid properties. This behavior of the modified zeolite catalysts can be explained by the different structure of the electron shells of zinc oxide and sulphide, as well as by the formation of the different surface types of zinc oxide and sulphide with the acidic centers and their zeolite pore and surface position. The presence of the free 3 d-orbitals in zinc sulfides makes the electrons more mobile and reactive when these electrons interact with the acid sites of the zeolites, especially at the high temperatures of dehydrogenation, cracking, and dehydrocyclization of the lower C3-C4 alkanes. Therefore, the aromatization of lower C3-C4 alkanes of PBF on the zeolite catalysts modified by zinc 
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The activity of the zeolite catalysts modified by zinc oxide and zinc sulfide was in correlation with their acid properties. This behavior of the modified zeolite catalysts can be explained by the different structure of the electron shells of zinc oxide and sulphide, as well as by the formation of the different surface types of zinc oxide and sulphide with the acidic centers and their zeolite pore and surface position. The presence of the free 3 d-orbitals in zinc sulfides makes the electrons more mobile and reactive when these electrons interact with the acid sites of the zeolites, especially at the high temperatures of dehydrogenation, cracking, and dehydrocyclization of the lower C 3 -C 4 alkanes. Therefore, the aromatization of lower C 3 -C 4 alkanes of PBF on the zeolite catalysts modified by zinc sulfide results in a higher yield of methane and aromatic hydrocarbons than on the zeolites modified by zinc oxide.
